Pretreatment lymphocytopenia is an adverse prognostic biomarker in advanced-stage ovarian cancer by 김상운 et al.
564  |    Cancer Medicine. 2019;8:564–571.wileyonlinelibrary.com/journal/cam4
 1  |   INTRODUCTION 
 Epithelial ovarian cancer is a highly lethal gynecologic malig-
nancy, and its incidence and mortality rates in Korea are in-
creasing. 1  The current standard of treatment includes primary 
debulking surgery (PDS) plus adjuvant platinum‐based chemo-
therapy for advanced ovarian cancer. 2  Recently, several Phase 3 
clinical trials have investigated whether rates of survival, post-
operative morbidity, and mortality after receiving neoadjuvant 
chemotherapy (NAC) followed by interval debulking surgery 
(IDS) are not inferior to those achieved with PDS in women 
with Stages III‐IV ovarian cancer. 3,4  Therefore, NAC, followed 
by IDS, is an alternative approach to treat advanced‐stage ovar-
ian cancer when complete resection cannot be achieved. 
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 Abstract 
 The aim of this study was to investigate the prognostic significance of lymphocytope-
nia in advanced‐stage ovarian cancer. We retrospectively reviewed 506 patients with 
advanced‐stage ovarian cancer at Yonsei Cancer Hospital. This study included two 
cohorts of patients: a neoadjuvant chemotherapy ( NAC ) group (N  =  247) and a pri-
mary debulking surgery ( PDS ) group (N  =  259). The absolute lymphocyte count was 
recorded before treatment. A receiver operating characteristic ( ROC ) curve analysis 
was used to determine the cutoff for defining lymphocytopenia in the  NAC cohort 
and followed by multivariate analysis. Subsequently, lymphocytopenia was assessed 
in the  PDS cohort by multivariate analysis. A further analysis was performed to eval-
uate the absolute lymphocyte count as a continuous variable. An absolute lymphocyte 
count of 1.49 × 109/L was determined as the cutoff for the  ROC curve analysis in the 
 NAC cohort, and the multivariate analysis revealed that lymphocytopenia was an in-
dependent prognostic factor for poor progression‐free survival ( PFS ) [hazard ratio 
( HR ), 1.50; 95% confidence interval ( CI ), 1.07‐2.11] and overall survival ( OS ) ( HR , 
2.02; 95%  CI , 1.21‐3.40). In the  PDS cohort, the multivariate analysis showed that 
lymphocytopenia was an independent prognostic factor for poor  PFS ( HR , 1.73; 95% 
 CI , 1.20‐2.49) and  OS ( HR , 1.87; 95%  CI , 1.27‐2.75). The absolute lymphocyte count 
was a significant factor when analyzed as a continuous variable in both the  NAC and 
 PDS cohorts. Pretreatment lymphocytopenia is an independent adverse prognostic 
factor in patients with advanced‐stage ovarian cancer. 
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 Clinical stage, histological subtypes and grade, residual 
tumor, the presence of ascites, performance status, and cancer 
antigen 125 (CA‐125) levels are all known prognostic factors 
in ovarian cancer. 5  In addition to these established prognostic 
factors, interest has been growing in evaluating the systemic 
inflammatory and immune responses to cancer cells repre-
sented by the levels of neutrophils, lymphocytes, platelets, 
and acute‐phase proteins. A previous study showed that the 
systemic inflammation initiated by cancer induces apoptosis 
and margination of white blood cells leading to an increase 
in the number of neutrophils and a decrease in the number of 
lymphocytes. 6  The absolute lymphocyte count is the number 
of lymphocytes circulating in peripheral blood, and devia-
tions in this count can be used to evaluate the host ’ s immune 
response during illness. 7  Preoperative lymphocytopenia has 
been suggested recently as a new independent prognostic 
factor for several solid tumors, such as renal, 8  bladder, 9  and 
colorectal cancer. 10  However, the prognostic significance of 
lymphocytopenia in ovarian cancer has not been evaluated. 
Lymphocytopenia may represent a type of cancer‐induced 
immune suppression that may limit the use of chemotherapy 
in cancer treatment. 11  
 To investigate the prognostic significance of pretreat-
ment lymphocytopenia, we chose a cohort of advanced‐
stage ovarian cancer patients treated with PDS followed by 
adjuvant chemotherapy and a separate cohort of advanced‐
stage ovarian cancer treated with NAC followed by IDS. 
 2  |   MATERIALS AND METHODS 
 The study was retrospective and included two cohorts of pa-
tients. There were 537 advanced‐stage ovarian cancer patients 
treated with NAC followed by IDS or PDS from 2006 to 2017 
in our institution. The patients with autoimmune disease or pa-
tients taking medication that could affect the immune function 
were excluded in both cohorts. We excluded 31 patients in this 
study. Of 31 patients, 26 patients had autoimmune disease in-
cluding thyroid disease, type 1 diabetes mellitus, and systemic 
sclerosis. Five patients were taking a medication with hepati-
tis. Finally, a total of 506 patients were included in the study. 
 The blood samples were collected in ethylenedi-
aminetetraacetic acid (EDTA) tubes and immediately sent for 
analysis. Hematologic parameters were counted by XN‐9000 
(Sysmex, Kobe, Japan) hematology analyzers. Absolute lym-
phocyte counts were calculated by multiplying the values of 
white blood cells by lymphocyte percentage. 
 2.1 |  NAC cohort 
 This cohort comprised 247 patients with pathologically 
confirmed epithelial ovarian cancer who had received at 
least one cycle of NAC at Yonsei Cancer Hospital between 
2006 and 2017. Before starting NAC, all patients were 
histologically or cytologically confirmed to have Stage 
III or Stage IV epithelial ovarian cancer according to the 
criteria of the International Federation of Gynecology 
and Obstetrics (FIGO). The diagnosis was reached via 
either laparoscopic or image biopsy samples or by using 
fine‐needle aspiration of a tumor site or ascites/effusion. 
The histological diagnoses were based on World Health 
Organization criteria, and all microscopic slides were 
reviewed by two experienced gynecologic pathologists. 
NAC was performed if at least one of the following three 
criteria were met: (a) pulmonary and/or hepatic parenchy-
mal metastases were observed on imaging studies before 
surgery, (b) the patient was medically inoperable, and/
or (c) optimal cytoreduction was not achievable because 
of a high tumor burden (Fagotti score ≥ 8) observed by 
diagnostic laparoscopy. 12  According to our institutional 
policy, IDS was preferred after three cycles of NAC. 
All patients received taxane and platinum combination 
chemotherapy. 
 During the period between the initial diagnosis and the 
initiation of NAC, all patients underwent at least two blood 
tests that included blood counts. This analysis used the lowest 
absolute lymphocyte count obtained during these tests. 
 2.2 |  PDS cohort 
 A total of 259 patients with pathology‐confirmed FIGO 
Stage III or IV ovarian cancer who underwent PDS at Yonsei 
Cancer Hospital between 2006 and 2014 were included in 
this cohort. 
 All underwent cytoreductive surgery and received post-
operative adjuvant chemotherapy. During the period between 
the initial diagnosis and the PDS, all patients underwent at 
least two blood tests that included blood counts. This analysis 
used the lowest absolute lymphocyte count obtained during 
these tests. 
 2.3 |  Surgical procedures for PDS/IDS 
 Standard surgical procedures included the sampling of free 
fluid or peritoneal washings for cytology; a thorough in-
spection of the abdomen and pelvis, including the upper ab-
dominal viscera, diaphragm, and retroperitoneal spaces; and 
hysterectomy, bilateral oophorectomy and omentectomy, 
pelvic/para‐aortic lymph node dissection, and appendectomy. 
If necessary, the surgery also included bowel resection, dia-
phragm or other peritoneal surface stripping, splenectomy, 
partial hepatectomy, partial gastrectomy, or partial cystec-
tomy with or without ureteroneocystostomy, cholecystec-
tomy, and/or distal pancreatectomy. 13  
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 2.4 |  Analysis 
 All patients’ medical records were reviewed retrospectively 
to collect clinical and laboratory data. The endpoints included 
progression‐free survival (PFS) and overall survival (OS), 
which were evaluated by RECIST (version 1.1). PFS was de-
fined as the interval between the dates of diagnosis and the 
first recurrence. OS was defined as the interval between the 
dates of diagnosis and death or the last follow‐up. Recurrence 
was defined as the date of the appearance of radiologically 
detected disease during a follow‐up examination. 
 Descriptive data are reported as the median (range) or fre-
quency (percentage). Categorical variables were compared 
with the chi‐square or Mann‐Whitney  U test and continuous 
variables with Student ’ s  t test. Survival analyses used the 
Kaplan‐Meier method, and the data were compared using 
a log‐rank test. A receiver operating characteristic (ROC) 
curve was generated and assessed to find the best cutoff 
point within an absolute lymphocyte count to use to predict 
survival based on detection of lymphocytopenia in the NAC 
cohort. Based on the area under the ROC curve (AUC), the 
optimal cutoff (Youden index) was selected to maximize the 
sum of the sensitivity and specificity in the NAC cohort. A 
Cox regression analysis was used to evaluate the association 
of the prognostic factors with survival, expressed as hazard 
ratios (HR) and 95% confidence intervals (CI). 
 We adjusted the following variables for multivariate anal-
ysis: age (NAC cohort: >55 or ≤55, PDS cohort: >58 or 
≤58), American Society of Anesthesiologists (ASA) score 
(1‐2 or 3‐4), absolute neutrophil count (≥1.49 × 10 9 /L or 
<1.49 × 10 9 /L), hemoglobin (≥12.0 g/dL or <12.0 g/dL), 
absolute lymphocyte count (≤7.5 × 10 9 /L or >7.5 × 10 9 /L), 
CA‐125 level (NAC cohort: ≤1715.3 U/mL or >1715.3 U/
mL, PDS cohort: ≤1791.7 U/mL or >1791.7 U/mL), FIGO 
stage (III or IV), histologic subtypes (HGSC or non‐HGSC), 
residual disease (none or any residual), chemotherapy reg-
imen (paclitaxel‐carboplatin or other), and cycles of total 
chemotherapy. Continuous variables such as age, absolute 
neutrophil count, hemoglobin, and CA‐125 were categorized 
according to median values. A second analysis evaluated the 
impact of the absolute lymphocyte count, absolute neutro-
phil count and hemoglobin, age, CA‐125 level, and cycles of 
total chemotherapy as continuous variables. For all analyses, 
the level of statistical significance was set to  P  <  0.05. The 
statistical analyses were performed with the SPSS statistical 
software (version 21.0; IBM Corp., Armonk, NY). 
 3  |   RESULTS 
 3.1 |  NAC cohort 
 The ROC curve analysis determined an absolute lymphocyte 
count of 1.49 × 10 9 /L as the optimal cutoff (Figure  S1 ). The 
area under the curve, sensitivity, and specificity were 0.67, 
76%, and 49%, respectively. The clinical characteristics of the 
two groups are shown in Table  1 . A total of 247 patients were 
included in this cohort; of these, 150 (60.7%) had lymphocy-
topenia and 97 (39.3%) did not. The two groups had signifi-
cantly different median hemoglobin levels ( P  =  0.015). We 
performed an analysis of the trend of absolute lymphocyte 
counts from 2006 to 2017 in NAC cohort and 2006 to 2014 
in PDS cohort. There was no significant trend of absolute 
lymphocyte counts according to year (Table  S1 ). 
 The median follow‐up duration was 31.2 months (range, 
1.6‐119.0 months). At the time of analysis, 99 patients (40.1%) 
had died, and 174 (70.4%) had recurrences. The Kaplan‐Meier 
curves for OS and PFS are shown in Figure  1 . Patients in the 
lymphocytopenia group had poorer PFS ( P  =  0.030) and OS 
( P  =  0.006) than those in the nonlymphocytopenia group. 
The median PFS was 16.3 months (range 2.1‐86.8 months) 
in the lymphocytopenia group and 20.2 months (range 
3.2‐108.8 months) in the nonlymphocytopenia group. 
The median OS was 45.6 months (range 3.2‐96.4 months) 
in the lymphocytopenia group and 89.2 months (range 
3.4‐119.0 months) in the nonlymphocytopenia group. 
 The results of the multivariate analysis of PFS and OS in 
patients treated with NAC are shown in Table  2 . The mul-
tivariate analysis showed that pretreatment lymphocytope-
nia was an independent prognostic factor associated with a 
higher risk of progression (HR, 1.50; 95% CI, 1.07‐2.11) and 
inferior OS (HR, 2.02; 95% CI, 1.21‐3.40). Under multivar-
iate analysis in a continuous variable model, the absolute 
lymphocyte count retained significance as a prognostic fac-
tor in recurrence (HR, 0.63; 95% CI, 0.46‐0.88) and OS (HR, 
0.31; 95% CI, 0.17‐0.56). The results of the univariate/mul-
tivariate analyses for all variables are in Tables  S2 and  S3 . 
 3.2 |  PDS cohort 
 The baseline characteristics of the cohort of patients treated 
with PDS are shown in Table  3 . This cohort had 259 patients; 
of these, 172 (66.4%) had lymphocytopenia. The ASA score, 
median hemoglobin level, and median absolute neutrophil 
count showed significant differences between the lymphocy-
topenia and the nonlymphocytopenia groups. 
 The median follow‐up duration was 54.3 months (range, 
0.5‐144.0 months). At the time of analysis, 171 patients (66.0%) 
had died, and 191 (73.7%) had recurrences. The Kaplan‐Meier 
curves for OS and PFS are shown in Figure  2 . Patients in the 
lymphocytopenia group had poorer PFS ( P  =  0.001) and OS 
( P  =  0.001) than those in the nonlymphocytopenia group. 
The median PFS was 17.0 months (range 0.5‐135.5 months) 
in the lymphocytopenia group and 29.0 months (range 
0.7‐139.8 months) in the nonlymphocytopenia group. The 
median OS was 52.6 months (range 0.5‐139.4 months) 
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in the lymphocytopenia group and 82.0 months (range 
0.7‐144.0 months) in the nonlymphocytopenia group. 
 The results of the multivariate analysis of PFS and OS in 
patients treated with PDS are shown in Table  4 . The multivar-
iate analysis showed that pretreatment lymphocytopenia was 
an independent prognostic factor associated with a higher risk 
of progression (HR, 1.73; 95% CI, 1.20‐2.49) and inferior OS 
(HR, 1.87; 95% CI, 1.27‐2.75). Under multivariate analysis in 
a continuous variable model, the absolute lymphocyte count 
retained significance as a prognostic factor for recurrence 
(HR 0.46; 95% CI, 0.32‐0.68) and OS (HR 0.42; 95% CI, 
0.28‐0.63). The results of the univariate/multivariate analyses 
for all variables are in Tables  S4 and  S5 . 
 4  |   DISCUSSION 
 In this study, we showed that pretreatment lymphocytope-
nia is an independent prognostic factor in advanced‐stage 
ovarian cancer patients treated with either NAC or PDS. 
Lymphocytopenia before initiation of NAC or PDS was found 
to independently correlate with PFS and OS. In addition, we 
 T A B L E  1   Baseline characteristics of patients treated with NAC (N = 247) 
 Characteristics 
 Absolute lymphocyte count 
≤1.49 × 10 9 /L (n = 150) 
 Absolute lymphocyte count 
>1.49 × 10 9 /L (n = 97)  P ‐value 
 Age, median (range), y  57 (31‐80)  60 (27‐79)  0.175 
 ASA score, n (%) 
 1  28 (18.7%)  13 (13.4%)  0.500 
 2  90 (60.0%)  57 (58.8%)  
 3  30 (20.0%)  26 (26.8%)  
 4  2 (1.3%)  1 (1.0%)  
 CA‐125 level, median (range), U/mL  1781.5 (44.3‐20685.7)  1509.0 (66.7‐17911.3)  0.161 
 Hemoglobin level, median (range), g/L  12.1   g/L (8.3‐16.3)  12.5   g/L (9.4‐15.7)  0.015 
 Absolute lymphocyte count, median (range), cells/L  1.09 × 10 9 /L (0.31‐1.47)  1.85 × 10 9 /L (1.50‐3.10)  <0.001 
 Absolute neutrophil count, median (range), cells/L  5.40 × 10 9 /L (0.66‐14.02)  5.15 × 10 9 /L (1.49‐36.52)  0.316 
 FIGO stage, n (%) 
 III  72 (48.0%)  40 (41.2%)  0.360 
 IV  78 (52.0%)  57 (58.8%)  
 Histologic type, n (%) 
 HGSC  137 (91.3%)  89 (91.8%)  0.986 
 Endometrioid  2 (1.3%)  1 (1.0%)  
 Mucinous  2 (1.3%)  2 (2.1%)  
 Others  9 (6.0%)  5 (5.2%)  
 Grading 
 1  5 (3.3%)  3 (3.1%)  0.121 
 2  23 (15.3%)  11 (11.3%)  
 3  100 (66.7%)  77 (79.4%)  
 Not available  22 (14.7%)  6 (6.2%)  
 Residual disease, n (%) 
 No  53 (35.3%)  45 (46.4%)  0.212 
 Any residual  82 (54.7%)  45 (46.4%)  
 Not available  15 (10.0%)  7 (7.2%)  
 Chemotherapy regimen, n (%) 
 Paclitaxel + carboplatin  113 (75.3%)  81 (83.5%)  0.286 
 Docetaxel + carboplatin  34 (22.7%)  14 (14.4%)  
 Paclitaxel + carboplatin + bevacizumab  3 (2.0%)  2 (2.1%)  
 Cycles of total chemotherapy, median (range)  8 (4‐12)  8 (3‐12)  0.225 
 ASA, American Society of Anesthesiologists; CA‐125, cancer antigen 125; FIGO, International Federation of Gynecology and Obstetrics; HGSC, high‐grade serous 
carcinoma; NAC, neoadjuvant chemotherapy. 
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showed that the absolute lymphocyte count was a significant 
adverse factor as a continuous variable in both the NAC and 
PDS cohorts, demonstrating that the magnitude of lymphocy-
topenia correlates with an inferior survival outcome. 
 Lymphocytopenia, which is frequently observed in ovar-
ian cancer, 14  may possibly reflect a state of tumor‐induced 
immune suppression. Although the actual mechanisms of 
tumor‐induced immune suppression are not fully known, 
the possibilities include that this suppression is the result of 
impaired homeostasis of lymphocytes and the consequence 
of chemokines and cytokines produced by the tumor micro-
environment. Lymphocyte homeostasis requires the pres-
ence of dendritic cells and function of dendritic cells. 15  The 
differentiation of dendritic cells is impaired by the over-
production of numerous cytokines and mediators such as 
interleukin‐6 and transforming growth factor β; this over-
production is caused by the tumor microenvironment. 16  
Lymphocytes of cancer also produce proapoptotic ligands 
such as Fas ligand, tumor necrosis factor, and programmed 
death‐1 ligand‐1 that produce inhibitory signals to suppress 
the cytotoxic activity of T cells. 17  Changes in the cytokines 
provoke subtle modifications of the tumor microenviron-
ment that interfere with the ability of the immune system to 
coordinate and efficiently control the tumor. 
 Recently, pretreatment lymphocytopenia has been sug-
gested as an adverse prognostic factor in several solid tumors. 
Jang et al 18  demonstrated that lymphocytopenia at diagnosis 
was a significant factor for poor survival outcomes in patients 
with primary central nervous system lymphoma. Joseph et al 
showed that pretreatment lymphocytopenia is an indepen-
dent adverse prognostic factor in both muscle‐invasive and 
advanced bladder cancer. In addition, the study showed that 
the magnitude of lymphocytopenia correlates with inferior 
outcomes. 9  
 Lymphocytopenia may reflect a state of immune sup-
pression, which also diminishes the effect of chemother-
apy. 10  Ceze et al showed that the objective response rate 
was significantly lower in lymphocytopenia patients than 
in other colorectal cancer patients receiving chemother-
apy (12.5% vs 40.2%;  P = 0.004). 10  There are several dis-
tinct mechanisms by which chemotherapy can modify the 
interactions between cancer cells and host immunity. 19  
Chemotherapy triggers cancer cell death, which restores or 
enhances the expression of cancer antigens and increases 
their susceptibility to attack from immune cells. 19  Despite 
the many studies on tumor‐induced immune suppression as 
a prognostic factor, the association between tumor‐induced 
 F I G U R E  1   Kaplan‐Meier curves of progression‐free (A) survival and overall survival (B) stratified by lymphocytopenia in patients treated 










Follow-up time (mo) Follow-up time (mo)
No lymphocytopenia



















 T A B L E  2   Multivariate analyses for progression‐free and overall 
survival using a Cox proportional hazards model with categorical 
variables and continuous variables in patients treated with NAC 
 Variables 
 PFS  OS 
 HR (95% CI)  HR (95% CI) 
 Absolute lymphocyte count (Categorical variables  a ) 
 ≥1.49 × 109/L  1  1 
 <1.49 × 10 9 /L  1.50 (1.07‐2.11)  2.02 (1.21‐3.40) 
 Absolute lymphocyte count 
(Continuous variables  b ) 
 0.63 (0.46‐0.88)  0.31 (0.17‐0.56) 
 ASA, American Society of Anesthesiologists; CI, confidence interval; FIGO, 
International Federation of Gynecology and Obstetrics; HR, hazard ratio; NAC, 
neoadjuvant chemotherapy; PFS, progression‐free survival; OS, overall survival. 
  a The multivariate analysis was adjusted for categorical variables (age, ASA score, 
hemoglobin, absolute neutrophil count, CA‐125 level, FIGO stage, histology, re-
sidual disease after IDS, chemotherapy regimen, cycles of total chemotherapy).   
  b The multivariate analysis was adjusted for continuous variables (age, hemoglo-
bin, absolute neutrophil count, CA‐125 level, cycles of total chemotherapy) and 
categorical variables (ASA score, FIGO stage, histology, residual disease after 
IDS, chemotherapy regimen).   
   | 569LEE ET AL.
immune suppression and the status of the tumor microenvi-
ronment remains unclear. Tumor‐induced alterations in the 
differentiation of dendritic cells impair lymphocyte homeo-
stasis and induce lymphocytopenia. Furthermore, dendritic 
cells attracted into the ovarian cancer microenvironment 
promote T cells to release large amounts of interleukin‐10, 
which prevents local T‐cell activation. 20  Dendritic cells me-
diate immune suppression in the tumor microenvironment 
of ovarian cancer by suppressing T‐cell immunity through 
upregulation of B7‐H1 21  and programmed cell death‐1. 22  
The immune response of the tumor microenvironment to 
ovarian cancer has a significant influence on clinical out-
comes. 23  Previous studies showed that the presence of 
CD+8 tumor‐infiltrating lymphocytes is associated with 
good survival outcomes. 24,25  However, Milne et al failed 
to find an association between absolute lymphocyte counts 
and CD8+ and CD20+ tumor‐infiltrating lymphocytes. 26  
They reported that absolute lymphocyte count seems to 
 T A B L E  3   Baseline characteristics of patients treated with PDS (N = 259) 
 Characteristics 
 Absolute lymphocyte count 
≤1.49 × 10 9 /L (n = 172) 
 Absolute lymphocyte count 
>1.49 × 10 9 /L (n = 87)  P ‐value 
 Age, median (range), y  55 (22‐83)  54 (27‐83)  0.609 
 ASA score, n (%) 
 1  71 (41.3%)  59 (67.8%)  0.001 
 2  82 (47.7%)  24 (27.6%)  
 3  18 (10.5%)  4 (4.6%)  
 Not available  1 (0.6)  0 (0%)  
 CA‐125 level, median (range), U/mL  930.1 (21.5‐30008.8)  624.8 (12.1‐12000.0)  0.090 
 Hemoglobin level, median (range), g/L  11.7   g/L (6.6‐16.7)  12.5   g/L (9.9‐14.0)  <0.001 
 Absolute lymphocyte count, median (range), cells/L  1.05 × 10 9 /L (0.23‐1.48)  1.84 × 10 9 /L (1.49‐3.05)  <0.001 
 Absolute neutrophil count, median (range), cells/L  6.48 × 10 9 /L (2.16‐21.51)  5.07 × 10 9 /L (2.04‐14.21)  <0.001 
 FIGO stage, n (%) 
 III  122 (70.9%)  65 (74.7%)  0.521 
 IV  50 (29.1%)  22 (25.3%)  
 Histologic type, n (%) 
 HGSC  135 (78.5%)  71 (81.6%)  0.663 
 Endometrioid  11 (6.4%)  6 (6.9%)  
 Mucinous  6 (3.5%)  4 (4.6%)  
 Others  20 (11.6%)  6 (6.9%)  
 Grading 
 1  12 (7.0%)  8 (9.2%)  0.481 
 2  64 (37.2%)  30 (34.5%)  
 3  80 (46.5%)  45 (51.7%)  
 Not available  16 (9.3%)  4 (4.6%)  
 Residual disease, n (%) 
 No  19 (11.0%)  7 (8.0%)  0.739 
 Any residual  119 (69.2%)  63 (72.4%)  
 Not available  34 (19.8%)  17 (19.5%)  
 Chemotherapy regimen, n (%) 
 Paclitaxel + carboplatin  128 (74.4%)  66 (75.9%)  0.776 
 Intraperitoneal  19 (11.0%)  9 (10.3%)  
 Docetaxel + carboplatin  17 (9.9%)  10 (11.5%)  
 Other  3 (1.7%)  0 (0%)  
 Not available  5 (2.9%)  2 (2.3%)  
 Cycles of total chemotherapy, median (range)  6 (1‐12)  6 (1‐9)  0.117 
 ASA, American Society of Anesthesiologists; CA‐125, cancer antigen 125; FIGO, International Federation of Gynecology and Obstetrics; HGSC, high‐grade serous 
carcinoma; PDS, primary debulking surgery. 
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be not associated with the presence of tumor‐infiltrating 
lymphocytes. 
 Moreover, pretreatment lymphocytopenia can be a pre-
dictive biomarker to identify patients suitable for treatment 
to restore antitumor immunity in advanced‐stage ovarian 
cancer . In a retrospective analysis of over 167 adult patients 
treated with pembrolizumab or nivolumab for solid tumors, 
pretreatment and persistent lymphocytopenia during therapy 
were found to be correlated with unfavorable outcomes but 
also with less likelihood of immune‐related adverse events. 27  
Because blood‐based biomarkers have not been actively de-
veloped, further study is needed to determine whether less 
invasive and relatively easy blood‐based biomarkers can re-
veal the status of a tumor microenvironment. 
 If tumor‐associated immune suppression is a driver of 
cancer progression and of a poor response to chemother-
apy, therapeutic strategies directed toward the restoration of 
antitumor immunity may improve the outcome. Administration 
of IL‐2 causes a transient increase in absolute lymphocyte 
counts, which has been associated with tumor response in 
metastatic melanoma. 28  IL‐7 can also be used to increase 
lymphocytes (peripheral CD4+ and CD8+ T cells), resulting 
in immunomodulatory effects on T cells. 29  
 This study has several limitations. The median follow‐up 
period was only 31.2 months in patients treated with NAC. 
Furthermore, this study design was a retrospective review of 
medical records, which depended on medical records or docu-
mentation and avoided potential recall bias. The strength of this 
study is that the optimal cutoff to define lymphocytopenia was 
calculated in the NAC cohort, and this optimal cutoff value was 
subsequently applied to the PDS cohort to demonstrate the in-
dependent prognostic effect of pretreatment lymphocytopenia. 
 In conclusion, pretreatment lymphocytopenia is a conve-
nient and independent prognostic factor for advanced‐stage 
ovarian cancer patients. It may be associated with cancer‐
induced immune suppression during tumor progression. 
Immuno‐oncologic agents restoring normal lymphocyte ho-
meostasis may hold considerable promise in the treatment of 
advanced‐stage ovarian cancer. 
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 F I G U R E  2   Kaplan‐Meier curves of progression‐free (A) survival and overall survival (B) stratified by lymphocytopenia in patients treated 
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 T A B L E  4   Multivariate analyses for progression‐free and overall 
survival using a Cox proportional hazards model with categorical 
variables and continuous variables in patients treated with PDS 
 Variables 
 PFS  OS 
 HR (95% CI)  HR (95% CI) 
 Absolute lymphocyte count (Categorical variables  a ) 
 ≥1.49 × 10 9 /L  1  1 
 <1.49 × 10 9 /L  1.73 (1.20‐2.49)  1.87 (1.27‐2.75) 
 Absolute lymphocyte count 
(Continuous variables  b ) 
 0.46 (0.32‐0.68)  0.42 (0.28‐0.63) 
 ASA, American Society of Anesthesiologists; CI, confidence interval; FIGO, 
International Federation of Gynecology and Obstetrics; HR, hazard ratio; OS, 
overall survival; PDS, primary debulking surgery; PFS, progression‐free 
survival. 
  a The multivariate analysis was adjusted for categorical variables (age, ASA score, 
hemoglobin, absolute neutrophil count, CA‐125 level, FIGO stage, histology, re-
sidual disease after IDS, chemotherapy regimen, cycles of total chemotherapy).   
  b The multivariate analysis was adjusted for continuous variables (age, hemoglo-
bin, absolute neutrophil count, CA‐125 level, cycles of total chemotherapy) and 
categorical variables (ASA score, FIGO stage, histology, residual disease after 
IDS, chemotherapy regimen).   
   | 571LEE ET AL.
 CONFLICT OF INTEREST 
 The authors declare that they have no conflicts of interest. 
 ORCID
 Jung‐Yun Lee  https://orcid.org/0000-0001-7948-1350  
 REFERENCES 
 1.  Lee  JY ,  Kim  S ,  Kim  YT , et  al.  Changes in ovarian cancer sur-
vival during the 20 years before the era of targeted therapy .  BMC 
Cancer .  2018 ; 18 : 601 . 
 2.  Morgan  Jr  RJ ,  Alvarez  RD ,  Armstrong  DK , et al.  Ovarian cancer, 
version 3.2012 .  J Natl Compr Canc Netw  2012 ; 10 : 1339 ‐ 1349 . 
 3.  Vergote  I ,  Trope  CG ,  Amant  F , et al.  Neoadjuvant chemotherapy 
or primary surgery in stage IIIC or IV ovarian cancer .  N Engl J 
Med .  2010 ; 363 : 943 ‐ 953 . 
 4.  Kehoe  S ,  Hook  J ,  Nankivell  M , et al.  Primary chemotherapy ver-
sus primary surgery for newly diagnosed advanced ovarian cancer 
(CHORUS): an open‐label, randomised, controlled, non‐inferior-
ity trial .  Lancet .  2015 ; 386 : 249 ‐ 257 . 
 5.  Kodama  S ,  Tanaka  K ,  Tokunaga  A ,  Sudo  N ,  Takahashi  T ,  Matsui 
 K .  Multivariate analysis of prognostic factors in patients with ovar-
ian cancer stage I and II .  Int J Gynaecol Obstet .  1997 ; 56 : 147 ‐ 153 . 
 6.  Coussens  LM ,  Werb  Z .  Inflammation and cancer .  Nature . 
 2002 ; 420 : 860 . 
 7.  Datta  S ,  Sarvetnick  N .  Lymphocyte proliferation in immune‐me-
diated diseases .  Trends Immunol .  2009 ; 30 : 430 ‐ 438 . 
 8.  Mehrazin  R ,  Uzzo  RG ,  Kutikov  A , et al.  Lymphopenia is an inde-
pendent predictor of inferior outcome in papillary renal cell carci-
noma .  Urol Oncol .  2015 ; 33 : 388 . e19‐25. 
 9.  Joseph  N ,  Dovedi  SJ ,  Thompson  C , et al.  Pre‐treatment lympho-
cytopaenia is an adverse prognostic biomarker in muscle‐invasive 
and advanced bladder cancer .  Ann Oncol .  2016 ; 27 : 294 ‐ 299 . 
 10.  Ceze  N ,  Thibault  G ,  Goujon  G , et  al.  Pre‐treatment lympho-
penia as a prognostic biomarker in colorectal cancer patients 
receiving chemotherapy .  Cancer Chemother Pharmacol . 
 2011 ; 68 : 1305 ‐ 1313 . 
 11.  Fridman  WH ,  Pages  F ,  Sautes‐Fridman  C ,  Galon  J .  The immune 
contexture in human tumours: impact on clinical outcome .  Nat 
Rev Cancer .  2012 ; 12 : 298 ‐ 306 . 
 12.  Fagotti  A ,  Ferrandina  G ,  Fanfani  F , et al.  Prospective validation of a 
laparoscopic predictive model for optimal cytoreduction in advanced 
ovarian carcinoma .  Am J Obstet Gynecol .  2008 ; 199 : 642 . e1‐e6. 
 13.  Chi  DS ,  Eisenhauer  EL ,  Zivanovic  O , et al.  Improved progression‐
free and overall survival in advanced ovarian cancer as a result of 
a change in surgical paradigm .  Gynecol Oncol .  2009 ; 114 : 26 ‐ 31 . 
 14.  Cho  H ,  Hur  HW ,  Kim  SW , et  al.  Pre‐treatment neutrophil to 
lymphocyte ratio is elevated in epithelial ovarian cancer and 
predicts survival after treatment .  Cancer Immunol Immunother . 
 2009 ; 58 : 15 ‐ 23 . 
 15.  Goldrath  AW ,  Bevan  MJ .  Selecting and maintaining a diverse T‐
cell repertoire .  Nature .  1999 ; 402 : 255 ‐ 262 . 
 16.  Gorelik  L ,  Flavell  RA .  Transforming growth factor‐beta in T‐cell 
biology .  Nat Rev Immunol .  2002 ; 2 : 46 ‐ 53 . 
 17.  Kim  R ,  Emi  M ,  Tanabe  K ,  Uchida  Y ,  Toge  T .  The role of Fas 
ligand and transforming growth factor beta in tumor progression: 
molecular mechanisms of immune privilege via Fas‐medi-
ated apoptosis and potential targets for cancer therapy .  Cancer . 
 2004 ; 100 : 2281 ‐ 2291 . 
 18.  Jang  JE ,  Kim  YR ,  Kim  SJ , et al.  A new prognostic model using 
absolute lymphocyte count in patients with primary central ner-
vous system lymphoma .  Eur J Cancer .  2016 ; 57 : 127 ‐ 135 . 
 19.  Zitvogel  L ,  Kepp  O ,  Kroemer  G .  Immune parameters affecting 
the efficacy of chemotherapeutic regimens .  Nat Rev Clin Oncol . 
 2011 ; 8 : 151 ‐ 160 . 
 20.  Zou  W ,  Machelon  V ,  Coulomb‐L ’ Hermin  A , et al.  Stromal‐derived 
factor‐1 in human tumors recruits and alters the function of plas-
macytoid precursor dendritic cells .  Nat Med  2001 ; 7 : 1339 ‐ 1346 . 
 21.  Curiel  TJ ,  Wei  S ,  Dong  H , et  al.  Blockade of B7‐H1 improves 
myeloid dendritic cell‐mediated antitumor immunity .  Nat Med . 
 2003 ; 9 : 562 ‐ 567 . 
 22.  Keir  ME ,  Butte  MJ ,  Freeman  GJ ,  Sharpe  AH .  PD‐1 and its ligands 
in tolerance and immunity .  Annu Rev Immunol .  2008 ; 26 : 677 ‐ 704 . 
 23.  Zhang  L ,  Conejo‐Garcia  JR ,  Katsaros  D , et  al.  Intratumoral T 
cells, recurrence, and survival in epithelial ovarian cancer .  N Engl 
J Med .  2003 ; 348 : 203 ‐ 213 . 
 24.  Sato  E ,  Olson  SH ,  Ahn  J , et al.  Intraepithelial CD8 +  tumor‐infil-
trating lymphocytes and a high CD8 + /regulatory T cell ratio are 
associated with favorable prognosis in ovarian cancer .  Proc Natl 
Acad Sci U S A .  2005 ; 102 : 18538 ‐ 18543 . 
 25.  Hamanishi  J ,  Mandai  M ,  Iwasaki  M , et al.  Programmed cell death 
1 ligand 1 and tumor‐infiltrating CD8 +  T lymphocytes are prog-
nostic factors of human ovarian cancer .  Proc Natl Acad Sci U S A . 
 2007 ; 104 : 3360 ‐ 3365 . 
 26.  Milne  K ,  Alexander  C ,  Webb  JR , et  al.  Absolute lymphocyte 
count is associated with survival in ovarian cancer independent of 
tumor‐infiltrating lymphocytes .  J Transl Med .  2012 ; 10 : 33 . 
 27.  Diehl  A ,  Yarchoan  M ,  Hopkins  A ,  Jaffee  E ,  Grossman  SA . 
 Relationships between lymphocyte counts and treatment‐re-
lated toxicities and clinical responses in patients with solid tu-
mors treated with PD‐1 checkpoint inhibitors .  Oncotarget . 
 2017 ; 8 : 114268 ‐ 114280 . 
 28.  Phan  GQ ,  Attia  P ,  Steinberg  SM ,  White  DE ,  Rosenberg  SA .  Factors 
associated with response to high‐dose interleukin‐2 in patients 
with metastatic melanoma .  J Clin Oncol .  2001 ; 19 : 3477 ‐ 3482 . 
 29.  Sportes  C ,  Babb  RR ,  Krumlauf  MC , et al.  Phase I study of re-
combinant human interleukin‐7 administration in subjects with 
refractory malignancy .  Clin Cancer Res .  2010 ; 16 : 727 ‐ 735 . 
 
 SUPPORTING INFORMATION 
 Additional supporting information may be found online in 
the Supporting Information section at the end of the article. 
 How to cite this article:  Lee  YJ ,  Chung  YS ,  Lee  J‐Y , 
et al.  Pretreatment lymphocytopenia is an adverse 
prognostic biomarker in advanced‐stage ovarian cancer . 
 Cancer Med .  2019 ; 8 : 564 ‐ 571 .  https://doi.org/10.1002/
cam4.1956 
 
